A series of tests were conducted to evaluate the accuracy of a diode detector array in measuring flatness and symmetry of x-ray and electron energies, and the ability to determine change in beam energy. The results show the diode detector array accurately measures flatness and symmetry and can accurately measure or detect change in beam energy. The evaluation also demonstrates the utility of using this model detector system in a linear accelerator QC program. © 1998 American Association of Physicists in Medicine. ͓S0094-2405͑98͒01602-2͔
Historically, diodes have been used for various QC tests [1] [2] [3] [4] in radiation therapy departments. However, diodes have been reported to exhibit energy dependence, 1, 4 loss of sensitivity with radiation, 4 and angular dependence 4 which have tended to limit their use. Studies have been reported using diode arrays [5] [6] [7] for QC tests, but because of the above mentioned problems with diodes, these devices were somewhat limited in their use. In recent years, diodes have been introduced which, according to the manufacturer, appear to no longer exhibit these problems. The sensitivity loss with radiation has been significantly reduced with the use of preirradiated ͑10 kGy, 10 MeV electrons͒ detectors manufactured from a p-type silicon with a controlled specification on the resistivity and doping. Directional and energy dependence has been resolved by the use of low Z material in the die attachment to the electrical leads and using an inherent acrylic buildup cover plate. As a result, diode detector arrays have been reintroduced for the purpose of linear accelerator QC.
A series of tests were conducted to evaluate the utility and usefulness of one of these new diode detector array systems. The system tested ͑Sun Nuclear Model 1170 Profiler͒ has 46 diodes in an array with 0.5 cm spacing, allowing for a maximum field size of 20 cmϫ20 cm. The tests were desired to assess the ability of the profiler to accurately measure flatness and symmetry for clinical x-ray and electron beams. Additional tests were conducted to determine if the diode array could also be used to detect changes in beam energy. The first series of tests were to evaluate accuracy of the diode detector array to measure flatness and symmetry of both photon and electron beams. Profiles were collected with the diode array for a 20 cmϫ20 cm field, 100 cm SAD with a total buildup of 5.0 g/cm 2 of acrylic ͑1.14 g/cm 2 inherent ϩ3.86 g/cm 2 additional͒ for 6 and 15 MV x rays, and at 1.14 g/cm 2 for 20 cmϫ20 cm cone, 100 cm SSD for 6, 8, 9, 10, 12, and 14 MeV electrons on a Siemens MD linear accelerator. Immediately following, scans were collected in water for the same energies using a computerized water scanner ͑Multidata Model 9730 waterphantom system with Model 9753 electrometer and 0.125 cc waterproof PTW ionization chambers͒ using the same equivalent depths in water and reproducing the same geometry. A comparison of the determined flatness and symmetry values for both methods are shown in Table I . A comparison was also made between the profiles collected with the diode array and the computerized water scanning system for selected energies. An example is shown in Fig. 1 .
The next series of tests evaluated the ability of the diode array to measure electron energy using a method described by Rosenow et al. 7 A plastic wedge was constructed of dimensions 5 cm wideϫ15 cm longϫ5 cm tall at the maximum height of the wedge. Electron profiles were collected with diode array for selected electron energies using a 20 cmϫ20 cm cone, 100 cm SSD with the wedge placed on the diode array, centered on the 15 cmϫ15 cm markings. The 15 cm dimension was chosen to sample the central portion of the beam profile so penumbra effects would not influence the wedge profile. Immediately after the diode array profiles were collected, electron percent ionization curves were collected in water for the same energies, cone, and geometry using a computerized water scanning system. The beam analysis routine on the scanning system was used to determine the most probable energy at the surface (E p,0 ) for each beam. The equation used by the scanning system follows the recommendation of AAPM Task Group 25, i.e., . For each of the diode array wedge profiles, the detector number intercept of the tangent line passing through the 50% point on the descending portion of the curve was determined. A plot of E p,0 vs detector intercept was generated, and a least square linear curve fit was conducted on the data points. The linear relationship between these two parameters is demonstrated in Fig. 2 . After the initial curve was generated, the accuracy of the routine was verified at a later date by comparing E p,0 values determined using the diode array to values obtained with a computerized water scanning system. To determine the repeatability of the routine, diode array wedge profiles were collected repeatedly over a ten month period on numerous linear accelerators ͑Varian, Siemens, and Philips͒ for which water scan data was also acquired. Typical results are as shown in Table II To develop a method to check photon energy was not as straightforward as the case with electrons. Whereas data from the profiler cannot be directly related to specific beam characteristics, as was the case with electrons, there still exists a method to detect change in beam energy. A 5 cmϫ20 cm wideϫ20 cm high plastic wedge was constructed and placed on top of the diode array, centered on the profiler. The plastic wedge was in addition to 5 cm of acrylic buildup normally used for open beam profiles. Profiles with the plastic wedge in place were collected for a 6 and 15 MV x-ray beam. On analysis of the profiles, it was determined that the ratio of detector readings at approximately Ϯ8 cm from the central axis of a 20 cmϫ20 cm field ͑expressed as L/R symmetry on the diode array computer display͒ was 56.9% for the 6 MV x-rays beam and 77.2% for the 15 MV x-ray beam. The difference between the two profiles is illustrated in Fig. 3 . The percent depth dose measured in water with a PTW 0.3 cc ionization chamber at 100 cm SSD, 10 cmϫ10 cm field, at 10 cm depth for these two beams was 66.7% for the 6 MV x-ray beam and 77.2% for the 15 MV x-ray beam. The difference between the profiles and L/R ratios measured for the 6 MV and 15 MV x-ray beam indicates sufficient sensitivity to detect subtle changes in energy. For example, an increase in the ratio observed on the profiler from 56.9% to 58.9% for 6 MV x rays would correspond approximately to an 1% increase in the depth dose measured at 10 cm depth in water, 10ϫ10 field for this energy. Thus a comparison of wedge profiles to previous wedge profiles, using the overlay routine in the diode array software, would provide a method to confirm constancy of photon energy.
The diode array system tested has a calibration routine to acquire a calibration file for each beam energy used in the field. The calibration routine consists of acquiring four profiles with a large 30 cmϫ30 cm field, with the diode array rotated 90 degrees in the horizontal plane between acquisitions for three profiles and shifted 1 cm for the fourth profile. These four profiles are used in an averaging process to generate a calibration file. Typically, a calibration file is generated for each photon or electron energy to be tested with the diode array. Calibration is necessary to insure a uniform output from each detector that receives the same radiation dose. This calibration routine is not sensitive to a lack of leveling of the device during the calibration routine. This was tested by first acquiring a calibration file for a 6 MV x-ray beam, being extremely careful in leveling the diode array using a precision level, and then acquiring a calibration file with a known, visually obvious tilt ͑approximately 15 degree tilt͒ around the axis of the diode array. Profiles were then immediately collected for a 6 MV x-ray beam using both of the acquired calibration files and comparing the profiles. The results, as shown in Fig. 4 , illustrate that lack of leveling of the diode array ͑or asymmetry of the beam͒ has no effect on acquiring an accurate calibration file. This has the implication that using asymmetrical beams to calibrate the diode array would also not have an influence on the generated calibration file since the effect of leveling mimics the effect of asymmetrical beams. These results do not, however, diminish the importance of leveling the diode array during normal use.
In conclusion, the diode array tested gives excellent agreement with water phantom measurements and demonstrates not only utility but accuracy in performing routine QC checks on linear accelerators. The results indicate that a diode array system similar to the model tested could be used to test with confidence many of the beam parameters which are checked during an annual calibration, including symmetry as a function of gantry angle. Current research is investigating the use of an aluminum electron wedge to predict d 80 ͑depth of 80% dose in water͒ and to develop a method to predict PDD 10 ͑percent depth dose in water at 10 cm depth in water, 10 cmϫ10 cm field͒.
